« 



Patent Application 
01P14590US (8055-115) 

SYSTEM AND METHOD FOR BACK- SIDE CONTACT 
5 FOR TRENCH SEMICONDUCTOR DEVICE CHARACTERIZATION 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention : 

The present invention relates to semiconductor devices, and 
10 more particularly to determining parameters of a trench 

semiconductor device. 
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□ 2 . Discussion of Related Art : 
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£ In vertical trench Dynamic Random Access Memory (DRAM) 
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15 t devices, the DRAM is built into sidewalls of storage trenches 

In trench DRAM technology the source side of the array device i 
floating and connected to a storage capacitor. In order to 

determine the parameters of such a device, the source needs to 

fU 

be accessed. 

20 Accessing the back-side or source side of a device to 

extract the device parameters can be difficult. Typically, 
devices are measured in a back-to-back mode where the source 
side of each device is wired to the silicon (Si) surface by a 
second device. However, it can be difficult to determine device 

25 parameters from a single device in such an arrangement. 

According to another approach, the trench geometry is 
altered, where the trench functions as a wire connecting the 
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source to the front of the die. However, in the implementation 
of this approach, several levels of a macro design are modified 
wherein the macro design deviates drastically from the actual 
product design. For example, macro designs at the vertical 
trench level may be altered such that the source can be wired 
laterally to the side and up to the Si surface. Thus, the 
periodic arrangement of vertical trench may be interrupted. 
Further, the patterning of the Si substrate, or active area, may 
U be altered. These alterations can influence the structure and 
10 S surroundings of the array device. Thus, device parameters 

recovered using this approach may fail to accurately model the 
product design. 

Therefore, a need exists for a system and method of 
recovering device parameters without substantially modifying the 
15 Q design of a test device from that of the product design. 
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SUMMARY OF THE INVENTION 

According to an embodiment of the present invention, a 
method is provided for forming a back-side contact for a 
20 vertical trench device. The method comprises grinding a back- 
side of a semiconductor substrate, milling a trench in the back- 
side of the semiconductor substrate, wherein a vertical trench 
fill is exposed, and depositing a conductive material, wherein 
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the conductive material shorts the vertical trench fill to a 
buried plate. 

The conductive material is a back-side electrode. 
Grinding the back- side of the semiconductor substrate 
5 further comprises grinding a dimple beneath a portion of the 

vertical trench device, wherein the trench is milled in the 
bottom portion of the dimple. The depth of the silicon removed 
by the step of grinding is within the buried plate. 

The conductive material is selected for a low contact 
10 1 resistance with Silica. The conductive material is selected from 
the group consisting of platinum and tungsten. 

Depositing a conductive material further comprises 
depositing the conductive material in-situ by a focused ion beam 
method. Depositing a conductive material further comprises 
sputtering the conductive material over the bottom of the 
semiconductor substrate. 

According to another embodiment of the present invention, a 
method is provided for connecting a floating source of a trench 
device to a back-side contact for the trench device. The method 
comprises grinding a back-side of a semiconductor substrate, 
milling a trench in the back-side of the semiconductor 
substrate, wherein a vertical trench fill is exposed, and 
depositing a back-side electrode in-situ by focused ion beam, 
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wherein the conductive material shorts the vertical trench fill 

to a buried plate. 

Grinding the back- side of the semiconductor substrate 
further comprises grinding a dimple beneath a portion of the 
trench device, wherein the trench is milled in the bottom 
portion of the dimple. The depth of the silicon removed by the 
step of grinding is within the buried plate. 

The conductive material is selected for a low contact 
resistance with Silica. The conductive material is selected from 
the group consisting of platinum and tungsten. 

According to an embodiment of the present invention, a 
memory device is provided having an accessible source such that 
device parameters can be determined. The device comprises a 
dimple ground into a back- side of a semiconductor substrate of 
the device, a trench milled from the bottom portion of the 
dimple exposing a portion of a vertical trench fill, and a 
conductive material connecting the vertical trench fill and a 

source of the device. 

The trench is milled into a portion of the vertical trench 

fill. 

The conductive material is a back-side electrode. The 
conductive material is a layer covering a portion of the back- 
side of the semiconductor substrate. 



A macro design of the memory device is substantially- 
similar to a product line macro design. The memory device 
dimensions are substantially the same as those of the product 
line macro design. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention will be 
described below in more detail, with reference to the 
y, accompanying drawings: 
10 § Fig. 1 is a flow chart of a method according to an 

m ■ 

y> embodiment of the present invention; 

in 

Fig. 2 is a cross-section of an n-well contact according to 
an embodiment of the present invention; 

Fig. 3a is a cross-section of a deep trench DRAM according 
15 § to an embodiment of the present invention; and 

Fig. 3b is a cross-section of a deep trench DRAM including 
a back- side metal shorting a source to an n-well according to an 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention provides a system and method for a 
back- side contact to a source side of a trench semiconductor 
device. The back-side contact can be used for device testing 
5 after wafer processing. The design of the test device can be 

substantially the same as a device of the product line. Thus, 
accurate field effect transistor (FET) device parameters can be 
determined. Accuracy in this case can be the degree to which the 
if parameters of a test device match the hypothetical parameters 

10 ? for a device that has not been modified for testing. 

Ul 

ft For testing, a vertical complementary metal-oxide 

Ml 

semiconductor (CMOS) device terminal can be connected from a 

Q back-side of the wafer. This allows the test device design to be 

U substantially the same as the product line devices while 

15 0 providing a means for accessing a source side of the device for 

fit 

determining device parameters. The method is applicable to any 
trench DRAM, including planar devices and vertical devices, but 
is not limited to such devices. 

For a vertical trench DRAM device, the method provides a 
20 contact to the source of the device. A hole is drilled into the 

back-side of the wafer exposing a portion of the vertical 
trench. A relatively low accuracy is needed for drilling, for 
example, on the order of several nanometers. The vertical trench 
can be exposed up to any point within a buried plate without 
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negatively affecting the device characteristics. The amount of 
silicon that can be removed may be different for different 
devices . 

According to an embodiment of the present invention, for 
5 . the contact to the source of the device, a conductive material 
can be deposited in the bottom of the hole to short an inner 
electrode of the vertical trench, which is connected to the 
source of the device. During probing, the source of the device 
U can be accessed via an n-well pad in the semiconductor 
10 Q substrate. 

\t According to another embodiment of the present invention, 

y I 

f the conductive material can be deposited in the form of a metal 
n wire out of the hole to provide a contact to a chuck of the 
C measurement apparatus. Therefore, the source bias can be 
15 5 controlled via the chuck bias. Alternatively, the backside of 

the device can be coated with a conductive material ex- situ by, 
. for example, physical vapor deposition (PVD) including, inter 
alia, sputtering, to provide a contact. The choice of conductive 
material can be determined by its contact resistance with 
20 silicon, without further thermal processing that could alter the 

device parameters. Coating the backside of the device does not 
negatively affect the device parameters because the substrate 
and the baseplate have substantially the same potential. 
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in a back-to-back device test, for example, one or more 
devices, e.g., three, four or five, can be selected for device 
modeling. Referring to Fig. 1, for each device selected,, a back- 
side grind can be performed on the wafer 101. Alternatively, a 
local dimple grind can be performed. A dimple may provide better 
mechanical stability than the back-side grind because it removes 

less Si substrate. 

A deep hole is milled from the back-side of the device, 
exposing the vertical trench. Preferably, the milling can be 
performed using a focused ion beam (FIB) , or alternatively using 
a dimpler. A wet etch can be used, as opposed to the FIB, after 
the course hole is formed by the dimpler. The vertical trench is 
connected to the source of the array device 102 . 

Using a finely focused ion beam, a FIB method can be used 
to perform product failure analysis. Dielectric or metal layers 
can be selectively removed for probing and material analysis of 
underlying surfaces. Cross-sections of buried circuitry can also 
be performed with sub-micron accuracy. 

The accuracy of the milling, exposing the vertical trench, 
can be relatively low. It is to be understood that accuracy 
constraints, such as the amount of vertical trench that can be 
milled, can vary from one device design to another device 



design. 
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The conductive material., for example, nickel, iron, 
platinum or tungsten, can be deposited to short the vertical 
trench fill to the buried plate 103. The conductive material can 
be selected for a relatively low contact resistance with Si, for 
example, a metal such as nickel. A back-side electrode, or 
contact to the chuck, can be built to contact the source side of 
the device directly 104 . 

Referring to Fig. 2 showing a cross-section of a lower 
portion of a vertical trench DRAM device, a semiconductor 
10 1 substrate 201 is provided, including an n-well contact 202 and 
an array device 203. The dimple 204 is ground into the 
semiconductor substrate 201. A box 205 is cut from the bottom of 
the dimple 204, and a conductive material 206 is deposited to 
connect (short) the vertical trench fill to the buried plate. 

Figs. 3a-b illustrate an example of a cross-section of a 
deep trench DRAM device prior to forming a back- side contact and 
after forming the back-side contact respectively. The deep, 
trench DRAM includes, inter alia, a source 301, a gate 302, 
drain or bit contacts 303-304. The deep trench DRAM further 
includes a buried plate 305 and a strap contact 306, both n+ 
doped. A top trench oxide layer 307 separates the source 301 and 
gate 302. A p-well 308 separates different deep trench cells. 
An n+ doped layer 309 is deposited above the p-well 308. The 
conductive material 206 deposited by, for example, FIB or PVD, 
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shorts the source or deep trench fill 3 01 to the n-doped buried 
plate 305. 

Having described embodiments for a system and method for a 
back-side contact to the source side of the device after wafer 
processing, it is noted that modifications and variations can be 
made by persons skilled in the art in light of the above 
teachings. It is therefore to be understood that changes may be 
made in the particular embodiments of the invention disclosed 
which are within the scope and spirit of the invention as 
defined by the appended claims. Having thus described the 
invention with the details and particularity required by the 
patent laws, what is claimed and desired protected by Letters 
Patent is set forth in the appended claims. 
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